Background Our aim was to assess the mortality of fishermen and fishermen's wives in Finland, presuming that the mortality reflects their high consumption of contaminated fish.
Introduction
Dietary fish contains beneficial nutritional compounds, such as long-chain polyunsaturated fatty acids (omega-3 PUFAs), and vitamin D. High fish consumption and high omega-3 PUFA intake may protect against fatal coronary heart disease, 1,2 ischaemic stroke 3, 4 and certain cancers. [5] [6] [7] [8] [9] [10] [11] Conversely, fish may also contain various persistent environmental contaminants, for instance polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs, called dioxins in this work), and polychlorinated biphenyls (PCBs). The most toxic dioxin congener, 2,3,7,8-tetrachlorodibenzo-pdioxin (TCDD) is carcinogenic 12 and may also have harmful effects on the cardiovascular system. 13 In northern Europe, the Baltic Sea area is heavily contaminated with persistent organic pollutants.
14 For example, big Baltic herring and wild salmon often exceed the maximum level of World Health Organisation (WHO) toxic equivalent quantity (8 pg WHO PCDD/F-PCB TEQ per gram fresh weight). 15 In our previous study, Finnish Baltic Sea fishermen had at least 2-fold serum concentrations of dioxins and PCBs than the general male population. 16, 17 These concentrations were comparable to those found in Seveso, Italy, after the industrial accident, 18 and considerably higher than for example, concentrations among the Canadian Inuit 19 or the frequent fish consumers in the Great Lakes area in the United States. 20 Previous epidemiological data on the health behaviour of Finnish professional fishermen are scarce. Based on high serum concentrations of persistent organic pollutants, we presumed that high fish consumption is an important characteristic of Finnish fishermen's diet. 16, 17 Regarding fishermen's health, mortality from occupational accidents is presumed to be high, but less is known about mortality from natural causes (disease mortality), which reflects both life habits and work-related exposures. This study aims to assess cause-specific mortality in a cohort of Finnish professional fishermen and their wives.
Methods

Materials
Mortality study
In this longitudinal study, the cohort consisted of Finnish professional fishermen (N ¼ 6410) and their wives (N ¼ 4260). The fishermen were identified from the Professional Fishermen Register, 21 which was maintained by the Finnish Game and Fisheries Research Institute under the Ministry of Agriculture and Forestry from the early 1980s to 1995. The regional Employment and Economic Development Centres (TE-Centres) have kept the register since 1995, when Finland joined the European Union (EU). The Professional Fishermen Register automatically includes all fishermen, who own a fishing vessel. In addition, all fishermen are obligated to notify the agricultural industry district (regional TE-Centre) before taking up fishing activities. All maritime and freshwater area fishermen who had entered the register at least once between 1980 and 2002 were included in the study cohort.
A fisherman's wife was defined as a woman married to a fisherman at the time of the registration of the fisherman, or later. The wives were identified from the Population Information System of the Population Register Centre (for more information, see http:// www.vaestorekisterikeskus.fi/vrk/home.nsf/www/ populationinformationsystem). Spouses cohabiting without marriage could not be identified from the population register.
The cohort was linked with Statistics Finland's national cause-of-death data 22 from 1980 to 2005 by unique personal identity codes (for more information, see http://www.stat.fi/til/ksyyt/index_en). To enable easy production of time series over the years, Statistics Finland transfers the original cause-of-death codes to a standard 54-category list of causes of death. This list was used in the present study.
Fish consumption and life habit study
In the mortality study, we did not have data on life habits. Therefore, we conducted a cross-sectional subsample study. We first drew a national sample of 4487 fishermen, their wives and other family members from the registers to conduct a health questionnaire study. The health examination protocols were similar in the Fishermen study and in the Health 2000 survey. Diet was assessed by a validated self-administered semi-quantitative 128-item food frequency questionnaire (FFQ) designed to cover the diet over the preceding 12 months. 24 Dietary data were processed in the Fineli Õ Finnish Food Composition Database.
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During the health examinations, fasting blood samples were collected to analyse serum concentrations of nutrients and environmental contaminants, and anthropometric measures were taken to assess body composition. Serum total fatty acid composition was analysed using gas chromatography (capillary column, flame ionization detector), 26 and the
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concentration of 25-hydroxy-derivative of vitamin D (25-hydroxy-cholecalciferol) was analysed by radioimmunoassay. A high resolution mass spectrometer equipped with a gas chromatograph was used to analyse 17 dioxin and 37 PCB congeners from serum. 16 The analyses were performed at the National Public Health Institute's accredited testing laboratory in Turku and Kuopio (Code T077, EN ISO/IEC 17025).
To analyse environmental contaminants, serum samples were not available from the Health 2000 survey. Therefore, results from the National Public Health Institute's case-control study on soft tissue sarcoma, 27 conducted from 1997 to 1999, were used instead. In this work, we re-calculated the concentrations of dioxins and PCBs analysed from adipose tissue for 47 male and 41 female controls (appendicitis patients), aged 45-74 years, living at the southern and south-western sea coast of Finland (the Sarcoma study). 28 Adipose tissue concentrations are comparable with those measured from serum fat. 29 
Statistical analyses
In the mortality study, calculation of person-years started at the beginning of the year after the first registration (any year between 1981 and 2002) to the Professional Fishermen Register for the fishermen, and at marriage (if later) for the wives. The follow-up ended at death, at emigration, or on December 31, 2005, whichever came first. The observed numbers of deaths and person-years at risk were calculated separately by gender and 5-year age group for four calendar periods (1980-86, 1987-93, 1994-99 and 2000-05) . The expected numbers of deaths were calculated by multiplying the number of person-years in each stratum by the corresponding national mortality rate during the period of observation. The standardized mortality ratios (SMRs) were calculated as the ratio of the observed to the expected deaths with 95% confidence interval (CI) based on the Poisson distribution for observed deaths. After considering the annual SMRs, the first 3 years of the follow-up were excluded from the analysis to eliminate the healthy population selection effect. 30 On the grounds of biological and epidemiological evidence, the most relevant causes of death were chosen for closer review from the 54-category list.
In the fish consumption and life habit study, means for fish consumption, intakes of fish-derived omega-3 PUFAs (g/day, age-and energy-adjusted), alcohol intake (percentage of total daily energy intake, ageadjusted), and serum concentrations of two omega-3 PUFAs (i.e. eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), percentage of serum fatty acids, age-adjusted), vitamin D (nmol/l, ageadjusted), and toxic equivalent quantities 31 for dioxins (WHO PCDD/F TEQ, pg/g fat, age-adjusted) and PCBs (WHO PCB TEQ, pg/g fat, age-adjusted) were calculated separately for men and women. The variables for body mass index (BMI, kg/m 2 ), smoking, frequency of hangovers, and physical activity both on free-time and at work were each divided into three categories. Age-adjusted estimates for prevalence were calculated for BMI (<25, 25-29, 530 kg/m 2 ), smoking (never smoker, occasional or former smoker, daily smoker), the frequency of hangovers during the last year (no hangovers, 1-6 hangovers, 46 hangovers), physical activity at free-time (exercise 54 times/week, 1-3 times/week, 43 times/month) and physical activity at work (heavy exertion, moderate exertion, mainly sedentary).
Results
Mortality study
The study cohort provided 128 000 person-years at follow-up ( Table 1 ). The average follow-up time was 12 years.
The fishermen had 22% lower all-cause mortality than the general male population ( Table 2 ). There were 27% and 33% deficits in the fishermen's mortality from ischaemic heart diseases and cerebrovascular diseases, respectively. Mortality from all malignant neoplasms was slightly decreased by 10%. The statistically non-significant SMR estimates were <1 for cancers of the colon, rectum and anus, stomach, and larynx, trachea and lung, slightly 41 for cancers of the lymphoid, haematopoietic and related tissue, and close to unity for prostate cancer. Deficits were also observed in other causes of death, such as diabetes (by 57%), dementia and Alzheimer's disease (by 46%), all diseases of the respiratory system (by 42%), alcohol-related diseases and accidental poisonings by alcohol (by 41%) and suicide (by 39%). Mortality from accidents and violence was close to unity. In contrast, the fishermen had 3-fold mortality from drowning and over 8-fold mortality from water transport accidents compared with the general male population. The fishermen's wives had 16% lower all-cause mortality and 35% lower ischaemic heart disease mortality than the general female population ( Table 2 ). The SMR estimates for cerebrovascular diseases and all cancers were close to unity. The statistically non-significant SMR estimates were <1 for cancers of the stomach, breast, larynx, trachea and lung, and lymphoid, haematopoietic and related tissue, and 41 for cancers of the colon, and rectum and anus. A 68% deficit was seen in mortality from all diseases of the respiratory system. Further, the SMR estimates for all causes, ischaemic heart diseases, cerebrovascular diseases and cancers were <1 in almost all age groups (Table 3) .
Fish consumption and life habit study
The fishermen consumed 85% more fish and had 59% higher intake of fish-derived omega-3 PUFAs than males of the Health 2000 survey ( Table 4 ). The serum concentrations of EPA and DHA were 2-fold, and vitamin D concentration was 40% higher among the fishermen. The concentrations of dioxins and PCBs in serum fat were 2-fold among the fishermen compared with those of the Sarcoma study males.
The fishermen's wives consumed 45% more fish and had 29% higher intake of fish-derived omega-3 PUFAs than females of the Health 2000 survey ( Table 4) . The serum EPA concentration was 67% higher, DHA concentration was 2-fold, and vitamin D concentration was 30% higher among the fishermen's wives. The concentrations of dioxins and PCBs in serum fat were 20% higher among the fishermen's wives than among the Sarcoma study females.
As compared with the males and females of the Health 2000 survey, the fishermen and their wives had higher prevalence of obesity (BMI 530), lower prevalence of current daily smoking, and lower frequency of hangovers. Alcohol intake as a proportion of total energy intake was slightly higher among the fishermen than among the males of the Health 2000 survey. The prevalence of free-time regular and sufficient physical activity (exercise 54 times/week) was lower, whereas the prevalence of heavy exertion at work was considerably higher among the fishermen than among the Health 2000 males. Among the females of the Fishermen study and the Health 2000 survey, alcohol intake and physical activity both during free-time and work did not differ considerably.
Discussion
In the present study, the fishermen had decreased mortality from all-causes, ischaemic heart diseases, cerebrovascular diseases, cancers, diabetes, dementia and Alzheimer's disease, diseases of the respiratory system, alcohol-related diseases and accidental poisonings by alcohol and suicide compared with the general male population. Further, they had almost 2-fold fish consumption, 1.6-fold fish-derived omega-3 PUFA intake, 1.4-fold serum vitamin D concentration and 2-fold serum EPA, DHA, dioxin and PCB concentrations compared with the males of the general population sub-sample. Similarly, the fishermen's wives had lower mortality from all-causes, ischaemic heart diseases, and respiratory diseases than the general female population. Their fish consumption, omega-3 PUFA intake and serum concentrations of vitamin D, EPA, DHA, dioxins and PCBs were higher than those of the females of the general population sub-sample.
In Finland, administrative registers, such as Population Information System and cause-of-death register, have good coverage and validity, 32 and the automated record linkage procedure is based on unique personal identity codes. Although the determination principles of the underlying cause of death may slightly vary by time, region, social class and occupation, 33 the variation among the fishermen and their wives is likely to be similar to the variation in the general population. The automatic registration based on fishing vessel register and the notification obligation by law since 1995 have improved the file coverage of the Professional Fishermen Register close to 100%.
The majority of the Finnish fishermen live at the south-western sea coast of Finland, but we do not have regional reference mortality rates for that region and for a comparable time period. We evaluated the magnitude of the potential effect of geographical variation in the mortality by using the Small Area Statistics on Health System. 34 In short, we calculated the SMRs (adjusted for socio-economic status) for the population living within 20 km from the Finnish coastline in the year 1980, excluding fishermen and their wives. The size of the population was 0.9 million persons, and it provided 20 million person-years 30 in our cohort by calculating the SMRs separately for each year from the beginning of the follow-up. The healthy population selection effect was distinctive during the first 3 years of the followup, and the annual SMR estimates stabilized to their long-term level after the third year. For example, the SMR estimate for all diseases among the fishermen was 0.39 (0.24-0.60), 0.41 (0.26-0.62) and 0.57 (0.40-0.79) during the first 3 years, and stabilized after the third year at the level around 0.75. Therefore, the first 3 years of the follow-up were excluded from the mortality analyses. In the previous studies on fishermen, the healthy population selection effect has not been actively controlled. It can be speculated that decreased mortality especially among the Canadian 35 fishermen is partially explained by the healthy population selection effect.
In the longitudinal mortality study, we did not have data on confounding factors, such as diet, smoking, alcohol consumption and physical activity. Instead, we assessed life habits in small volunteer samples of the study populations. In general, volunteers tend to be more health conscious than the average population, and therefore, the results from the Fishermen study sub-sample may not be fully generalizable to all Finnish fishermen and their wives (and similarly, the results from the Health 2000 survey sub-sample may not be fully generalizable to the general population). However, comparisons between the two similarly selected volunteer samples will at least diminish the bias.
Our results on mortality among the Finnish fishermen and their wives are in line with the reported associations between high fish consumption or high omega-3 PUFA intake and reduced all-cause mortality, 2,36 fatal coronary heart disease (summarized in several reviews 1, 2, 37, 38 ) , and ischaemic stroke. 3, 4 In previous studies in cohorts with high fish consumption, a decreased ischaemic heart disease risk has been reported for the Greenland 39 and the Alaskan 40 Inuit and the residents of a Japanese fishing village. 41 Overall, results from five previous fishermen studies are quite inconsistent. Compared with the Finnish fishermen, only the Swedish 42 (0.88, 0.78-0.99) and Extremely high mortality from water transport accidents and drowning among the fishermen was expected due to fishermen's working conditions on fishing vessels. The observed decreased mortality from suicides could be linked with a recent finding suggesting that high intake of omega-3 PUFAs may affect mental health by protecting from depression and other mental disorders. 37, 38 However, suicides among professional fishermen are likely to be partly misclassified as water transport accidents and drowning. Regarding the previous studies, mortality from occupational accidents is reported only for the Swedish, Suicide mortality is reported only for Canadian, 35 and Danish 44 fishermen but those 10% decreases are statistically non-significant.
With regard to the Finnish fishermen's life habits, their high fish consumption, relatively low prevalence of daily smoking, low frequency of hangovers and high frequency of physical activity at work are in line with the observed decreases in mortality from many chronic diseases and the absence of increased SMR estimates for cancers. High physical activity at work may partly compensate for the risk caused by high BMI and low prevalence of regular and sufficient freetime physical activity. In addition, BMI may not be a good measure of body composition in a population with heavy physical exertion.
Regarding the comparability of the fishermen studies, the SMR estimates are expected to vary by country due to differences in national characteristics of professional fishing (e.g. type of the vessel, working methods, distance to the shore and work shift hours) and professional fishermen's life habits (e.g. smoking, fish consumption and other dietary habits, alcohol drinking patterns and physical activity). For example, the reported high smoking prevalence among the Italian 43 fishermen could explain their increased mortality from many cancers and a slightly increased SMR estimate for all causes. Increased lung cancer mortality among the Danish 44 and Icelandic 45 fishermen indicates high smoking prevalence which agrees with their increased mortality from the majority of the reported causes. Further, fish consumption may not be as important characteristic of fishermen's diet in other countries as it is in Finland.
The SMR estimates in different countries may also vary depending on how study population and reference population are defined. With regard to the Icelandic study, 45 fishermen and sailors are grouped together which makes that study less suitable for comparisons. In the Danish 44 study, the general population in labour force is used as a reference population which could be an additional explanation for the increased estimates. Moreover, due to differences in national reference mortality levels, comparisons of mortality patterns should ideally be based on both relative mortality ratios and absolute mortality rates.
Conclusions
To conclude, the Finnish fishermen and their wives are a population with high fish consumption and high serum concentrations of dioxins and PCBs. In this study, they had lower mortality from all-causes, ischaemic heart diseases, and respiratory diseases than the respective general male and female populations. The fishermen (but not their wives) also had decreased mortality from cerebrovascular diseases, diabetes, dementia and Alzheimer's disease and suicide. The high intakes of environmental contaminants in fish were not seen as excess mortality. It is possible that exposure to environmental contaminants was not high enough to cause excess mortality, or the beneficial health effects of fish consumption (or some other factor) outweighed the potential hazardous health effects.
KEY MESSAGES
The Finnish fishermen and their wives are a population with high fish consumption and high serum concentrations of dioxins and PCBs.
The Finnish fishermen and their wives had lower mortality from all causes, ischaemic heart diseases, and respiratory diseases than the general population.
In this study, high consumption of contaminated fish was not reflected as excess mortality.
The health benefits of fish consumption seem to outweigh the potential health hazards even if dietary fish is highly contaminated.
